Abstract Anxiety has been shown to disrupt visual attention, visuomotor control and subsequent shot location in soccer penalty kicks. However, optimal visual attention has been trained in other far aiming skills, improving performance and resistance to pressure. We therefore asked a team of ten university soccer players to follow a quiet eye (QE; Vickers 1996) training program, designed to align gaze with aiming intention to optimal scoring zones, over a 7-week period. Performance and gaze parameters were compared to a placebo group (ten players) who received no instruction, but practiced the same number of penalty kicks over the same time frame. Results from a retention test indicated that the QE-trained group had more effective visual attentional control, were significantly more accurate, and had 50% fewer shots saved by the goalkeeper than the placebo group. Both groups then competed in a penalty shootout to explore the influence of anxiety on attentional control and shooting accuracy. Under the pressure of the shootout, the QE-trained group failed to maintain their accuracy advantage, despite maintaining more distal aiming fixations of longer duration. The results therefore provide only partial support for the effectiveness of brief QE training interventions for experienced performers.
Introduction
Research has revealed that experts demonstrate a perceptual-cognitive and visuomotor advantage over less-skilled performers, an advantage that is often underpinned by specific gaze strategies (Mann et al. 2007 ). These findings, coupled with recent advances in gaze registration systems, has led to an increase in empirical studies that have attempted to explore how gaze may influence visual attention and subsequent performance in aiming tasks (see Vickers 2007) . Support for such methods is provided by research that suggests that in natural environments (such as sports) the location of gaze is driven by top down attentional control and dependent on specific task goals and demands (Land 2009 ). Furthermore, contemporary cognitive neuroscience research suggests that it is difficult to shift the point of gaze without shifting attention and that both processes involve some of the same neuronal ''machinery'' (Henderson 2003) . Finally, Eysenck et al. (2007) suggest that direct measures of attention, such as gaze indices, should be adopted in order to better understand the influence of anxiety on attention control. Therefore, adopting such methods may help to explain what visual behaviors contribute to superior sporting performance and may also provide a mechanistic account of why performance is sometimes disrupted under the pressures of competitive sport.
In soccer penalty shootouts, anxiety has been shown to be the major contributing factor to influence performance failure (Jordet et al. 2007) . In a series of recent studies, possible mechanisms behind these anxiety-induced performance disruptions have been identified using gaze registration technology. Wood and Wilson (2010a) attempted to explore the implications of dissociating gaze and aiming intention in penalty kicks. Results revealed that looking centrally (at the goalkeeper) caused penalties to be hit more centrally, despite participants striving to hit distal areas of the goal. Conversely, more accurate shooting was achieved when participants aligned gaze with aiming intention. The authors discussed these results as being supportive of a tight coupling existing between gaze, and the visuomotor control of aiming actions, with target information from the gaze system being used to guide the output from the motor system (see Land 2009) . Wilson et al. have also previously demonstrated that anxiety can disrupt this goal-driven attentional control in penalty taking. reported disruptions to both gaze behavior and performance in football players asked to take penalties under threatening conditions. The results indicated that when anxious, participants demonstrated an attentional bias toward the centrally positioned goalkeeper. This anxiety-induced change in gaze location seemed to influence shot direction, leading to more centrally hit kicks and more saved shots. In a further study, Wood and Wilson (2010b) manipulated the saliency of the goalkeeper by asking him to attempt to distract the penalty taker (by waving his arms) under counterbalanced conditions of threat. Results suggested that participants were more distracted by a moving goalkeeper than a stationary one and struggled to disengage gaze from a moving goalkeeper under situations of high threat. Significantly more penalties were saved when the goalkeeper was distracting, and shots were also hit closer to the goalkeeper on these trials.
Both and Wood and Wilson (2010b) concluded that this shift in attentional control, toward the 'threatening' and distracting goalkeeper, was supportive of the predictions of attentional control theory (ACT; Eysenck et al. 2007) . ACT predicts that under high threat conditions, participants display an attentional bias toward threat-related distracting stimuli. Due to the tight link between gaze and subsequent motor actions (Land 2009 ), more centralized shots resulted from this anxietyinduced centralized gaze. In short, these studies highlight that anxiety induces sub-optimal, stimulus-driven attentional control that is detrimental to shooting accuracy. However, Wood and Wilson (2010b) found that this effect was more pronounced during the aiming phase (prior to the run-up) than the execution phase (during the run-up) of a penalty kick. It appears that the gaze behavior prior to the run-up is essential in producing accurate shots and it is this gaze that is susceptible to disruption when anxious. Therefore, if performance disruption in this task is attributable to sub-optimal visual attentional control then it may be possible to train optimal attentional control for accurate penalty shooting.
It is widely accepted that for far aiming (targeting) skills, optimal attentional control centers on 'where and when to focus' in the period preceding the critical movement (Vickers 2007) . The location and timing of this final fixation (the quiet-eye (QE); Vickers 1996) has been shown to robustly characterize expertise across a wide range of tasks (see Mann et al. 2007 ; Vickers 2007 for reviews). Furthermore, this gaze strategy has been shown to be trainable for both novice Wilson 2010, 2011) and experienced (Causer et al. in press; Harle and Vickers 2001; performers and for a range of far aiming sport skills. These studies have demonstrated that training a QE fixation may have benefits for performing under pressure and in real competition. So, where are the critical locations and when is the crucial period for effective attentional control underpinning accurate shooting in soccer penalty kicks?
The findings of Wood and Wilson (2010b) not only highlighted how anxiety affects performance in penalty shooting but also shed light on the gaze behavior behind successful and accurate shooting. Specifically, this research suggested that information from the aiming phase of the penalty kick (before the initiation of the run-up) has an overriding influence on subsequent shot accuracy, with centralized gaze producing more centralized shooting. However, this target-related information needs to be stored for the duration of the run-up, so it can be applied at the point of contact to direct the ball toward the intended target (cf. Hayhoe et al. 2003 ). Wood and Wilson suggested that by focusing almost exclusively on the ball during the runup, penalty takers safeguard these prior aiming commands and prevent their disruption.
The aim of this study was to therefore incorporate this knowledge into a QE training regime and to test its utility for optimizing the visual attentional control and performance of penalty takers under pressure. This is the first study that has attempted to train the visual attention of soccer penalty takers, and it was hypothesized that participants who received QE training would display better shooting accuracy than placebo participants during a retention test designed to assess the efficacy of the training interventions (cf. Harle and Vickers 2001; Vine and Wilson 2010; . This is also the first study to recreate a representative penalty shootout in an effort to test the intervention's robustness under competitive pressure. While previous laboratory studies examining the effect of attentional manipulations on penalty success have adopted multiple-kick designs (Binsch et al. 2010; Wood and Wilson 2010a, b) , in reality soccer players only get one shot. It was hypothesized that the QE-trained group would maintain target-focused, goal-driven attentional control under the pressure of a penalty shoot-out, and thus maintain performance (as Wilson 2010, 2011; . However, the placebo group participants' attentional control was expected to be more disrupted under pressure, resulting in significantly poorer performance (as Wood and Wilson 2010b ).
Methods

Participants
Twenty university level soccer players of the same competitive level were randomly split into two groups. Based on the effect size evident of performance improvement for QE training in Harle and Vickers' (2001) study (0.92), G*power predicts a total sample size of 12 would give sufficient power (0.80) to detect a significant difference at the alpha level of 0.05. There was no significant difference between the age (P = 0.66) of the Placebo (mean = 20.3 years, SD = 1.16) and QE group (mean = 20.0 -years, SD = 1.25) or their competitive playing experience (P = 0.38; Placebo: mean = 9.6 years, SD = 3.41; QE: mean = 10.9 years, SD = 3.03). There was also no significant difference (P = 0.62) between the self-reported penalty kicking ability of the Placebo (mean = 6.0 out of 10, SD = 1.49) and QE group (mean = 6.4 out of 10, SD = 1.65). Written consent was obtained from all participants, and a local ethics committee approved the study before the commencement of any procedures.
Apparatus
A standard, full sized (7.32 m wide 9 2.44 m wide), soccer goal was marked on a wall, and participants shot penalty kicks from the standard distance of 11 m from its center. The goal was split into 12 9 4, 61 cm squares to aid the rating of shooting accuracy. Similar methods have been used in other studies that have attempted to map the destination of shots in penalty kicks (e.g., Bakker et al. 2006; Bar-Eli and Azar 2009; Wood and Wilson 2010a, b; ). The goal area was covered with gym mats (32 mm) to prevent injury to the goalkeeper when repeatedly diving on the floor and a standard size 5 Mitre 'Tactic' soccer ball was used in all trials.
Participants were fitted with an Applied Science Laboratories (ASL; Bedford, MA) Mobile Eye gaze registration system that measures eye-line of gaze at 25 Hz with respect to eye and scene cameras mounted on a pair of glasses. The system consists of a recording device (a modified DVCR) worn in a pouch around the waist and a laptop (Dell inspiron6400) with 'Eyevision' software installed. A circular cursor, representing 1°of visual angle with a 4.5-mm lens, indicating the location of gaze in a video image of the scene (spatial accuracy of ±0.5°visual angle; 0.1°precision) was recorded for offline analysis.
This system was calibrated for each participant using a firewire cable connected to the laptop. When calibrated, the firewire cable was removed allowing the eye tracker, and participant, to be fully mobile. Data were saved to DV tape on the DVCR and subsequently downloaded to the laptop for offline analysis.
Training groups
As all the participants were of the same competitive level, they were randomly allocated to either a Placebo or a QE group at the outset of the study. The Placebo group participants were told that the research was exploring the assumption that practicing penalty kicks would improve performance. They were informed of the optimal scoring areas of the goal (the top corners), and during each training session, they were directed to try to score as many kicks as possible past the goalkeeper.
The QE program attempted to teach the participants to maintain focus on an area of the goal offering the best chance of success (i.e., each top corner; Bar-Eli and Azar 2009) prior to the run up. To train this, two targets (1.2 m 9 1.2 m) were displayed within each top corner of the goal and participants practiced shooting to these targets with a goalkeeper present. The targets were numbered 1 and 2 and the performers were required to fixate on either of these, call out the corresponding number (e.g., ''number 1'') and then focus solely on the ball during the run-up (i.e., the execution phase; Wood and Wilson 2010b) . This verbalization allowed the researchers to ensure the routine was being followed and also allowed the performer to fixate for an appropriate duration (approximately 1 s) ensuring sufficient pre-programming of force and direction variables (cf. Harle and Vickers 2001; Vickers 1996) .
In addition, modeling, video feedback and questioning techniques were incorporated in the training program (Vickers 2007) . Specifically, during the first week of QE training, participants were shown a video of the gaze behavior of a penalty taker using this routine. The participant's own gaze behavior was then compared to this expert model and any differences between the two noted. The first author also reiterated the scientific implications of not aligning gaze with aiming intention. This procedure was followed each week except that in subsequent weeks the individual's gaze video from the previous week's performance was used as the model. In addition to this, questioning techniques were used so that each participant was accomplished at analyzing his visuomotor control and able to identify ways that his performance and attentional control could be optimized further. During the last week of training, the QE group were no longer required to verbalize the cognitive trigger (the target number), but to repeat this in their head before shooting. In the hope of increasing Cogn Process (2011) 12:257-266 259 their adherence to the QE routine, they were told that analysis of their gaze video would identify whether they had adhered to the training instructions.
Testing period
Testing was carried out over seven consecutive weeks. During week one (baseline), each participant took five penalty kicks with a goalkeeper present while wearing a gaze registration system. This allowed baseline measures of attentional control and shooting accuracy to be observed to which subsequent training induced changes could be compared. The training period consisted of three consecutive weeks (weeks two, three, and four) of sessions where participants took one block of 10 penalties to the same goalkeeper. The participants completed a retention test in week five, consisting of five penalties to the same goalkeeper who had been present during the training phase. After a rest week, a transfer test (a penalty shoot-out) was performed in week seven using an experienced goalkeeper who was blind to the status of the players taking penalties.
Measures
Cognitive state anxiety
The cognitive subscale from the Mental Readiness Form-3 (MRF-3; Krane 1994) was used to measure cognitive state anxiety. This scale is anchored between ''worried-not worried'' and was selected as it is a short, expedient inventory that has been employed in other studies that have explored cognitive anxiety's impact on penalty kicking performance (e.g., ).
Shooting accuracy
Accuracy was measured by giving each shot an (x) coordinate in relation to where on the goal the ball hit (cf. Wood and Wilson 2010a, b) . Each half of the goal consisted of 6 zones of 61 cm, starting from an 'origin' in the center (0 cm) and moving out to 366 cm at each post. Therefore, higher scores reflected shots that were placed further from the goalkeeper's reach. The coordinate was determined via frame-by-frame analysis of the eye-tracker video file using GazeTracker analysis software (Eye Response Technologies, VA, USA) with a precision of 5 cm (approximately, one quarter the diameter of the ball). Shots that were saved were given an estimated accuracy score reflecting where they were predicted to hit on the goal area. Shots that missed the target were not given an accuracy score. Estimates of shooting accuracy from a sample of 72 shots (14 saves and 58 goals) revealed an inter-rater reliability of 96.2%.
Success rate
A measure of performance outcome was attained by tallying the number of shots, (1) which were successful (i.e., scored), (2) which missed the target completely, and (3) which were saved by the goalkeeper.
Attentional control
Two measures of attentional control were assessed for both phases of the penalty kick as first outlined by Wood and Wilson (2010b) . The aiming phase began when the player first fixated on the goal area after placing the ball on the penalty spot and ended when the player initiated the first step of his run-up. The execution phase started on this first step and ended on foot-to-ball contact. A quiet eye (QE) analysis was carried out for both the aiming and execution phases of the kick. During the aiming phase, the location of the last fixation, prior to the initiation of the run-up, was given an x and y coordinate (using the same methods as shooting accuracy; Wood and Wilson 2010a, b) . The duration of this fixation (A-QE) was also determined in the Gazetracker software environment. Previous research has shown that during the run-up, soccer players predominantly fixate on the ball (Wood and Wilson 2010b) . Such gaze behavior is typical in abstract aiming tasks (e.g., golf putting and ice hockey shooting), where the object to be struck is the target of the quiet-eye fixation (Vickers 2007) . Therefore, during the execution phase, the duration of the last fixation on the ball (B-QE) was analyzed with respect to the backswing of the kicking leg (final movement) using Quiet Eye Solutions software (http://www.QuietEyeSolutions.com). A second trained observer, blind to the status of each player, re-analyzed 86 shots. Inter-rater reliability was 97.7% for A-QE and 96.9% for B-QE.
Procedure
In the baseline and retention test conditions (weeks 1 and 5), all participants attended individually. The eye tracker was calibrated by asking each participant to direct his gaze to six points marked on the goal. Each participant then completed the MRF-3 and took five shots with the goalkeeper present. Before all kicks participants stood on the penalty spot, ball in hand and a quick calibration check was performed. During the training period (weeks 2-4), the placebo group participants took 5 familiarization penalty kicks, were calibrated to the eye tracker, and completed the MRF-3. The QE group participants followed the same procedure after completing their modeling, video feedback, and questioning session. Each group then took ten kicks using their differing experimental instructions with calibration checks carried out before each kick.
Following a rest period in week 6, all participants met at the testing environment in week 7 and competed in a 'live' penalty shootout, where each participant took only one kick. The two teams were given different color bibs and were segregated from each other on facing team benches. Participants were introduced to the goalkeeper, who was different from the one used throughout training. It was emphasized that he played at a high standard, had extensive penalty kick experience and was considered a penalty saving specialist. Both teams were made aware of a £100 cash prize for the winning team and were informed of the rules of the shootout. A researcher then tossed a coin to determine which team would shoot first.
The order in which participants were selected to come forward from each team was determined randomly prior to the shootout. The identity of the next penalty taker for each team was only divulged to the group once the prior penalty had been taken. This strategy was used to manipulate anxiety by increasing the level of uncertainty experienced. Two identical ASL Mobile Eye gaze registration systems, one for each team, were used to expedite the testing process. Once called forward, each participant was calibrated to the eye tracker, completed the MRF-3, and took his penalty kick. At the end of the shootout, participants were debriefed about the aims of the study.
In an effort to increase the threatening nature of the goalkeeper, he wore a red goalkeeper top (Hill and Barton 2005) . He was told to behave as he would do in a competitive shootout and to try and save as many shots as he could. The goalkeeper was paid £20 for attending and was told he would receive an additional £1 for every save he made. This was incorporated so that the effort of the goalkeeper was maintained throughout the shootout.
Data analysis
In order to monitor the effectiveness of the QE program in training effective visuomotor control, shooting accuracy data were analyzed across the 5 weeks of the training period (from baseline to retention) with a mixed design 2 9 5 ANOVA (group 9 week). Success rate was analyzed using a mixed design 2 9 3 9 5 MANOVA (group 9 outcome: goal, save, miss 9 week). The location and duration of last aiming fixation (A-QE) and duration of last ball fixation (B-QE) data were subjected to mixed design 2 9 2 ANOVAs (group 9 week: baseline, retention).
In order to assess the effectiveness of the 'shootout' anxiety manipulation, a mixed design 2 9 3 ANOVA (group 9 week) was performed on the MRF-3 data across baseline, retention, and penalty shootout weeks. Finally, a series of 2 9 2 mixed design ANOVAs were used to compare shooting accuracy, location and duration of last aiming fixation (A-QE), and duration of last ball fixation (B-QE) for each participant's first kick during the retention week to the kick in the shootout. Using the first kick of the retention test in this way provided a single-trial, baseline measurement from which we could explore anxiety's effect on attentional control and performance under pressure. Where sphericity was violated, Greenhouse-Geisser corrections were applied. All relevant interactions and main effects were followed up using Bonferroni corrected paired samples t-tests, and effect sizes were calculated using Partial Eta squared (g p 2 ).
Results
Performance: training
Shooting accuracy
A significant main effect was found for group F(1,9) = 15.75, P \ 0.01, g p 2 = 0.64, with the QE-trained group shooting further away from the goalkeeper (mean = 264.57 cm, SD = 26.09) than the Placebo group (mean = 218.76 cm, SD = 39.05). No significant main effect was evident for week, F(4,36) = 1.48, P = 0.23, but a significant interaction effect was evident, F(4,36) = 2.90, P \ 0.05, g p 2 = 0.24. Post hoc tests revealed that while there was no significant difference between groups pretraining (P = 0.70), the QE-trained group shot significantly further away from the goalkeeper than the placebo group after week 2 (P \ 0.05) and maintained this advantage throughout training and the retention test (all P's \ 0.01; Fig. 1 ). 
Success rate
MANOVA revealed a significant three-way interaction, Wilk's k = 0.12, F(1,18) = 5.57, P \ 0.05, g p 2 = 0.88, which was followed up with a series of 2 9 5 ANOVAs for each outcome (goal, save, and miss).
Success rate: goals
For goals scored, there was a significant main effect for week, F(1.53,13.76) = 4.24, P \ 0.05, g p 2 = 0.35, although post hoc tests revealed no significant differences (all P's [ 0.05) when Bonferonni-corrected pairwise comparisons were applied. No significant main effect for group and no other significant interaction effects were evident (P's [ 0.05; see Fig. 2 ).
Success rate: saved shots
A significant main effect was found for the number of shots saved between weeks, F(4,36) = 13.05, P \ 0.001, g p 2 = 0.59, with less shots being saved, compared to baseline, after 2 weeks of training regardless of which training was received. A significant main effect was also found for group, F(1,9) = 6.46, P \ 0.05, g p 2 = 0.42, with the placebo group having more shots saved (14%) compared to the QE group (7%). A significant interaction, F(4,36) = 3.00, P \ 0.05, g p 2 = 0.25, revealed that the number of shots saved decreased during the first week of QE training and continued to be significantly (P \ 0.05) lower throughout the training period. However, this advantage diminished during the retention test (P = 1.00; see Fig. 2 ).
Success rate: missed shots
No significant main effects or interactions were evident for the number of shots that missed the target completely (Ps [ 0.05; see Fig. 2 ).
Attentional control: aiming phase
Location of last fixation
No significant main effect was found for the location of last fixation between groups, F(1,9) = 0.58, P = 0.46, or across weeks, F(1,9) = 1.08, P = 0.33. The interaction effect was significant, F(1,9) = 5.30, P \ 0.05, g p 2 = 0.37, with no significant difference between the location of last fixation evident prior to training (P = 0.53) but with the QE group having significantly more distal final fixations (P \ 0.05) after the training period (Table 1) .
Duration of last fixation (A-QE)
A significant main effect was found for group, F(1,9) = 22.80, P \ 0.01, g p 2 = 0.72, with the QE group having longer target-focused, A-QE (mean = 581.78 ms, SD = 190.95) than the Placebo group (mean = 273.23 ms, SD = 84.21). A significant main effect was also evident for week, F(1,9) = 55.66, P \ 0.001, g p 2 = 0.86, with both groups displaying longer A-QE after training (mean = 602.20 ms, SD = 232.34) compared to before training commenced (mean = 252.82 ms, SD = 42.83). A significant interaction, F(1,9) = 18.17, P \ 0.01, g p 2 = 0.67, revealed that the QE group had significantly longer A-QE after training (P \ 0.01) compared to the placebo group. No significant differences in A-QE existed prior to the Fig. 2 The percentage of shots that scored, missed the target completely, or were saved in baseline, training, and retention weeks commencement of the training period (P = 0.49; see Table 1 ).
Attentional control: execution phase
Duration of last fixation (B-QE)
Results indicated that there was no significant difference in QE duration on the ball (B-QE) between each group, F(1,9) = 0.29, P = 0.60, or across weeks, F(1,9) = 2.9, P = 0.12. However, results revealed a significant interaction between group and week F(1,9) = 13.25, P \ 0.01, g p 2 = 0.60. Paired sample t-tests revealed that the QE group significantly increased their QE duration on the ball from baseline to retention test (P \ 0.001). No other significant between-or within-group differences were evident (P's [ 0.12; see Table 1 ).
Penalty shootout
Cognitive anxiety
A significant main effect for week, F(1.17,10.48) = 46.71, P \ 0.001, g p 2 = 0.84, revealed that participants reported significantly higher cognitive anxiety levels during the shootout (mean = 5.05, SD = 1.97) compared to baseline (mean = 2.50, SD = 0.78) and retention (mean = 2.20, SD = 1.10) conditions (Ps \ 0.01). No significant main effect was evident for group, F(1,9) = 1.22, P = 0.30, and the interaction effect was non-significant, F(1.17,10.48) = 0.69, P = 0.51.
Shooting accuracy
Analysis of the shooting accuracy scores from the first kick of the retention test compared to the kick in the shootout revealed no significant differences between groups, F(1,6) = 1.27, P = 0.30; across test weeks, F(1,6) = 0.59, P = 0.40; nor a significant interaction, F(1,6) = 2.96, P = 0.14 (see Table 2 ). The QE group won the penalty shootout scoring eight goals, missing the target once and having one shot saved. The placebo group scored seven goals, missing the target on three occasions.
Attentional control
A significant interaction effect for the location of last fixation, F(1,8) = 18.91, P \ 0.01, g p 2 = 0.70, revealed that the placebo group adopted significantly more centralized fixations under pressure compared to at retention (P \ 0.05) and compared to the QE group under pressure (P \ 0.01). The QE group maintained distal aiming fixations in both conditions (P = 0.45; see Table 2 ). A significant main effect for group, F(1,8) = 18.66, P \ 0.01, g p 2 = 0.68, was found for the duration of this last aiming fixation (A-QE) with QE-trained participants displaying longer aiming fixations on the goal compared to the placebo group (Table 2) . No significant main effect for week, F(1,8) = 1.03, P = 0.34, and no significant interaction was evident, F(1,8) = 0.17, P = 0.69 for the A-QE data. No significant differences were found for B-QE between groups, F(1,9) = 1.11, P = 0.32; across weeks, F(1,9) = 0.07, P = 0.80, and the interaction was also non-significant, F(1,9) = 1.80, P = 0.21 (Table 2) .
Discussion
This is the first study to date that has attempted to train the visual attention of soccer players for performance success in penalty shootouts. The aim of this study was to explore if, by aligning gaze with aiming intention, penalty takers could increase their shooting accuracy and then maintain this under pressure. While other aspects of the penalty shootout scenario are outside the kicker's control, penalties that are struck to the corners of the goal are more likely to score, irrespective of the behaviors and ability of the goalkeeper (Bar-Eli and Azar 2009). The QE training therefore focused on helping the performer maintain control over key components of his visual attention and visuomotor coordination prior to and during the kick. Specifically, this strategy involved maintaining a long final Table 2 Mean (and standard deviation) of shooting accuracy, location of last fixation (cm) and Quiet Eye fixation duration (ms) for the aiming (A-QE) and execution (B-QE) phase of the penalty kick during the first kick of retention and penalty shootout aiming fixation (A-QE) to a distal target prior to initiating the run-up, and then maintaining a ball focused fixation (B-QE) during the strides leading up to the initiation of the kicking action. It was hoped that such training would (a) teach players effective visuomotor control for the task and (b) provide them with a strategy to follow to maintain optimal visuomotor control and subsequent performance under the pressure of a competitive penalty shootout.
Training effects
The QE routine was successful in differentially improving shooting accuracy over the training period, when compared to a placebo group (see Fig. 1 ). By week 3 of training, there were 50-cm differences in the horizontal shot placement of both groups, with the QE-trained group's shots being placed effectively three ball diameters further away from the goalkeeper's starting position. As there were no differences in shot placement prior to training, this difference is most likely reflective of the effectiveness of the training provided. However, there may be alternative explanations for these accuracy effects, related to the training instructions provided to the placebo group. Although they were informed that the corners were the optimal scoring locations, they were not explicitly told to practice kicking to these locations (cf. the QE group). It is possible therefore that the group performance differences are due to the placebo participants simply having less practice at kicking to distal areas of the goal, or consciously deciding not to adopt this strategy. Instead these participants may have fixated on the goalkeeper in order to determine which side he would dive to and then shot to the other side of the goal-reducing the accuracy needed to be successful. However, the final aiming fixation data (Table 1 ; Retention) suggests that these participants were fixating, and presumably aiming, toward the outside third of the goal and not the goalkeeper. Further research may wish to alleviate this limitation by directing players to hit target areas through instructions that do not influence aiming behavior (e.g., put the ball beyond the goalkeeper's reach) with those that do (QE training). Such a procedure was not followed in this study as we wished to explore any changes to aiming and performance through non-guided practice, which is typical in professional preparation for such scenarios.
While group differences in shooting accuracy did not transcend to significant differences in the number of shots scored or missed, the greater accuracy displayed by the QE-trained participants resulted in significantly fewer (50%) shots being saved during the training period (Fig. 2) . This difference in saved shots was not evident during the retention test, perhaps due to the large increase in the number of missed shots by the placebo group during retention. Why this happened is quite perplexing as both groups seemed relatively stable in their success rates before this point (Fig. 2) . One explanation may be that the placebo participants decided, either consciously or unconsciously, that they would vary their kicking strategies during this test week in order to keep the goalkeeper guessing as to how they approached each shot and which direction they shot to. Such behavior is typical in penalty takers forced to take multiple kicks (Wood and Wilson 2010a) , and this effect may have built momentum during repeated weeks of shooting to the same goalkeeper. Nonetheless, the overall effect of the QE training regime was to make resultant shots more accurate, further from the goalkeeper's reach and less likely to be saved.
As predicted, the performance accuracy effects evident following training were underpinned by fundamental differences in gaze behavior during the aiming phase of the kick. The QE group learned to display more distal final aiming fixations (Table 1 ) and maintained these fixations for approximately three times as long as their placebo group counterparts (Table 1) . Harle and Vickers (2001) have previously demonstrated that training a longer aiming fixation to the front of the hoop in basketball free throw shooting improves the free throw percentage of experienced performers. The results of the current study further demonstrate that improvements in already stable (experienced) visuomotor performance can be crafted via changes in visual attentional control (cf. Causer et al. in press; .
The mechanisms behind this change in performance may be explained in relation to Land's (2009) conceptualization of several distinct but interacting brain systems involved in the visual control of action. Land suggests that the temporal and spatial relationships between gaze fixations and the action they facilitate reflect how top-down schema instructions are executed. Therefore, by focusing on the desired location (inside the post), the gaze system can forward information to the motor system, guiding the coordination of the requisite motor plans for the successful completion of the kick (Wood and Wilson 2010b) . Furthermore, longer quiet eye periods may also permit an extended duration of programming of these target parameters, while minimizing possible distractions from irrelevant environmental cues (cf. Vickers 1996) .
Interestingly, after training the QE group also increased their final fixation on the ball prior to initiating the kicking action (B-QE) compared to the Placebo group (Table 1 ). An extended ball-focused QE has been shown to underpin successful performance in other tasks requiring the striking of a ball toward a distal target (e.g., golf; Vickers 1992). By focusing on the part of the ball to be struck, an accurate contact is more likely, thereby increasing consistency and accuracy (Wilson and Pearcey 2009 ). An additional complexity of the soccer penalty, however, is that the kicker cannot explicitly align the ball to the target in advance as in golf putting. Instead, aiming intention must be transformed into direction and force parameters for ball contact during the run-up. We suggest that the B-QE aids the process of transformation of visual information from the aiming phase into motor output and guides these parameters for accurate foot-to-ball contact (Wood and Wilson 2010b) .
Pressure effects: shootout
The purpose of the shootout was to manipulate the anxiety experienced by the participants and also to test the robustness of the QE training strategy under constraints more representative of competitive soccer. The analysis of the MRF-3 data revealed that both groups were significantly more anxious in the shoot-out than in the baseline or retention tests, thus supporting the validity of the manipulation. It is acknowledged that the intensity of the anxiety is certainly less than that experienced in competitive environments where consequences of poor performance are greater (Jordet et al. 2007 ). However, it is worth noting that even at the levels of anxiety reported in the current study, and those like it (e.g., Wood and Wilson 2010b ), significant detrimental effects on attentional control and penalty performance have been uncovered.
It was predicted that the attentional control of the Placebo group would be most impaired by the shootout as they had not been taught a strategy to maintain effective gaze control. Support for this hypothesis was found with QE participants maintaining more distal aiming fixations compared to the Placebo group who showed impaired centralized gaze (Table 2) . discussed a similar impairment in attentional control in relation to the predictions of attentional control theory (ACT; Eysenck et al. 2007) . As the sole source of external threat in the immediate environment, the goalkeeper is likely to attract the kicker's visual attention, thus preventing accurate, distal aiming fixations (cf. Wood and Wilson 2010b) . The centralizing of gaze may also be explained by Easterbrook's (1959) cue utilization hypothesis, which suggests that increased arousal narrows attention, restricting the range of incidental cues that are used.
The shooting accuracy results for the penalty shootout provide only partial support for our initial hypotheses however, as the placebo group's performance was not significantly impaired. The QE group's data is supportive of the effectiveness of the training, as they were able to maintain their retention test accuracy under the pressure of the shootout (Table 2) . However, the placebo group was also able to maintain shooting accuracy, despite the significant centralizing of gaze (Table 2 ). While it is clearly possible to dissociate gaze from performance, as the placebo group may have done in the shootout, a large body of research, using many trials, now exists that has repeatedly shown that such a dissociation has negative effects on shooting accuracy in this task (Bakker et al. 2006; Binsch et al. 2010; Wood and Wilson 2010a, b; ) and is also contrary to fundamental research in visuomotor control (Land 2009 ). Therefore, the adoption of such an approach is strongly discouraged for long-term gains in shooting accuracy and performance success in penalty kicks.
The lack of support for our hypotheses for the shootout may be attributable to the adoption of a single shot design.
As there are only a maximum of 20 data points for each dependent variable in the shootout, this unexpected result for shooting accuracy may be driven more by high individual variability rather than any influence of the pressure manipulation. We have previously revealed attentional and subsequent performance disruptions using more traditional multiple-kick pressure conditions Wood and Wilson 2010b) . However, we have also revealed that kickers in these types of manipulations are likely to artificially vary their kicking strategies to prevent the goalkeeper from learning their preferences (Wood and Wilson 2010a) . Therefore, adopting such a design in this study would have increased the likelihood that the QE training regime would have been abandoned. We therefore wanted to engineer a situation where the penalty taker would adopt what he felt to be his optimal strategy for success in a one-off attempt, typical of real shootouts. Future research should possibly introduce a multiple-kick stress manipulation (as ) before recreating a penalty shootout scenario in order to provide a more rigorous test of the link between gaze and shooting accuracy under pressure. However, we still feel that the introduction of a single kick design offers ecological insight into the manner in which anxiety affects the processes (attentional control) behind performance disruption in highly pressurized, one-off instances that are typical in sport (cf. Woodman and Davis 2008) .
Despite these limitations in research design, the QE group did improve performance (retention test) and maintain it under pressure (shootout), despite the number of practice trials in the current study (30 penalty kicks over 3 weeks) being lower than those typically adopted (Causer et al. in press; Harle and Vickers 2001; Vine and Wilson 2010) . It may be that for experienced performers, a large part of the intervention's success might lie in simply educating them that they should maintain this focus under pressure; therefore, long periods of training may not be necessary. In support of this contention, have recently demonstrated the benefits of even a single, brief QE training session for skilled golfers; with QEtrained golfers putting more accurately than a placebo group in both a laboratory-based pressure test and over ten subsequent rounds of golf. Further research activity is required to further our understanding of how QE training impacts upon performance under pressure (see , as such findings might influence the content and duration of subsequent interventions for aiming tasks.
While caution needs to be taken in applying the results of this study to the development of a definitive penalty QE training program, there may be implications for training the penalty shot. By aligning gaze with aiming intention, players are more likely to accurately hit distal regions of the goal. Although the degree of accuracy and precision required may be less than for tasks like putting (the kicker only has to beat the goalkeeper), this strategy also removes the uncertainty associated with waiting to respond to the goalkeeper's anticipatory movements. Uncertainty is one of the key antecedents associated with anxiety (Lox 1992) , so any strategy that increases perceived control should be beneficial in competitive, pressurized settings. As goalkeepers do not appear to utilize information from the kicker's eyes, it is also unlikely that advanced anticipatory cues are being provided (Dicks et al. 2010; Savelsbergh et al. 2005) . We suggest that performers should therefore treat the penalty as a faraiming task, and practice hitting the optimal scoring regions (the top corners) with sufficient power to beat a goalkeeper (Bar-Eli and Azar 2009).
To conclude, the results of the current study suggest that the visual attentional control of a penalty taker before the run-up begins is important for subsequent shooting accuracy. The QE intervention successfully helped experienced participants to direct their visual attention optimally prior to and during the penalty kick; first aligning gaze with aiming intention and then guiding accurate foot-to-ball contact. It was noteworthy that this strategy underpinned changes in performance above those of a Placebo group after only 2 weeks of training and was robust under the pressure of a shootout manipulation. Future research is warranted to further our understanding of the separate and cumulative role of aiming and execution fixations in penalty kicks; the effect of pressure on the visuomotor planning and control of the skill; and the utility of brief gaze-based training interventions for experienced sports performers in general.
